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ABSTRACT   
Common clay deposits from five localities in Foumban (West Cameroon) were 
investigated for their morphological, mineralogical and geochemical properties to 
determine their potential source rocks and suitability in ceramic product. The analytical 
results were obtained by X-ray diffraction, X-ray fluorescence spectrometry, 
Thermogravimetric Analysis, Scanning Electron Microscopy, and Fourier Transform 
Infrared Spectrometry.   
Morphologically, an homogeneous clayey layer was found in the upper part of a laterite 
cover on interfluves, and a clayey heterogeneous hydromorphic material in valleys. They 
are minerallogically composed of kaolinite (25-84%), illite (0-18%), smectite (0- 31%), 
and chlorite (0-8 %), associated with quartz (2-44 %), K-feldspars (0-27 %.), plagioclase 
(0-26%), goethite; (0-9%) with traces of rutile and hematite (≤5 %). The geochemical 
analysis shows a relative large amount of SiO2 (45-71%), Al2O3 (14-31%), and low Fe2O3 
(up to 11 %) suggesting weathering of mainly granitic and rhyolitic parent rocks.  
Most studied clays could be applied to building ceramic product such as bricks (refractory 
or not) and tiles. Illite may promote the glassy phase responsible for the densification of 
the final product. In addition, the relatively high proportion of alkali elements (K2O + 
Na2O, 6-8%) in some samples from Marom, Koutaba and is responsible for low firing 
temperature. However the presence of smectite (up to 5 %) limits the application of some 
Koutaba and Marom clays for ceramic building. The high Fe2O3 contents (> 8 %) in some 
Bangourain clays implied some pretreatment.   
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V. 1. INTRODUCTION  
Natural clays used in manufacturing ceramic products for building construction (Vieira 
et al., 2008; Daoudi et al., 2014) are weathered products of rocks outcropping at the 
earth’s surface. They may remain in situ as ”residual clays” or more commonly may be 
transported and deposited in sedimentary basins (secondary clayey deposits) (Manning, 
1995; Christidis, 2011). Optimum conditions for thick accumulations of argillaceous 
sediments occur in warm humid climates, where slowly rising shield areas bordering 
basins are drained by rivers at the maturity stage (Ridgeway, 1982). Some common clays 
(alluvial clays) provided the cohesion and workability requested for the fabrication of 
whiteware and earthenware (Wilson, 1998; Reeves et al., 2006). Their optimal 
exploitation and ceramic valorization request their detailed assessment, starting with the 
determination of the mineralogical association and geochemical properties.   
 Due to its geological context, Cameroon (Central Africa) bears widespread clay deposits ( 
Wouatong et al., 1996; Elimbi et al., 2003; Ngon Ngon et al., 2009; Nkoumbou et al., 2009, 
2008; Njoya et al., 2001, 2006; Ekosse, 2010; Nzeukou et al., 2013; Fadil-Djenabou et al., 
2014; Ndjigui et al., 2016). The potential uses of these clay materials have been carried out to 
develop ceramic products such as bricks, tiles, refractories and fine porcelain (Elimbi et al., 
2002; Kamseu et al., 2007; Djangang et al., 2007, 2008; Pialy et al., 2009; Diko et al., 2011; 
Nzeukou et al., 2014; Ndjigui et al., 2015). But in practice, there are a semi-industrial factories 
in Yaoundé (MIPROMALO) and Bamenda (ABM). Also, some local handmade fabrics exist 
and the products are generally of poor quality. In fact, raw materials are not always appropriate 
for an efficient ceramic application. For example, in Foumban (West-Cameroon), clay materials 
were exploited for the traditional production of small-scale ceramic factories (pottery, 
brickworks); in the early 20th century, they were used to build the Foumban Royal Palace. 
These traditional methods of ceramic production did not take into account characteristic and 
properties of raw materials. This can explain why some bricks of the Foumban Palace are 
damage and needing restoration. In this study, our aim is to localize common clays around 
Foumban area and characterize their mineralogical and geochemical properties in relation to 
their suitability for ceramic products.  
  
V. 2. GEOLOGICAL SETTINGS AND SAMPLE LOCATION  
Foumban is part of the Bamoun Plateau (average altitude 1200 m) in the Western 
Cameroon, with hosted volcanic ground blocks (rhyolitic and/or basaltic and/pyroclastic 
projections), cones and granitic massifs. The studied region shows a Precambrian-
Panafrican basement underlying Eocene basalts (Weecksteen, 1957; Figure 1). The 
Precambrian-Panafrican basement is made up of gneiss- extruded by syntectonic 
plutonism and affected in the northern part by the Foumban Shear Zone (FSZ) (Njonfang 
et al., 1998). The Precambrian granitogneissic bedrock mainly outcrops in the north of 
the Bamoun Plateau Transitional basalts outcrop in the western part, near Bangourain and 
Foumban town while alkaline basalts are observed in the south-eastern part, around 
Foumban, Koutaba and Foumbot (Wandji, 1995; Moundi et al., 1996, 2009). The 
superficial formations in the region are composed of red lateritic soils in the uplands and 
hills and hydromorphic soils in the lowlands (Segalen, 1967). Field campaigns were 
conducted to identify the nature, size, thickness, and distribution of five potential clay 
deposits located in valleys (Koutaba, S1; Bangourain, S2; Marom, S3; Njindare, S4) or 
at foothills in Njimom (S5). At Koutaba clay materials were collected in the swampy 
valley along NKoup river margins while at Bangourain, they were collected along the 
Monoun River and Koutoupi valley. Narrow valleys were also sampled in two locations, 
at Marom and Njindare. The exploration and description of potential clay deposits were 
made using classical methods of geological survey. The color of the different profile 
layers was determined using the Munsell code (Cailleux, 1992) and the samples were 
selected according to clay facies variation (texture, color). In this study twenty eigth (28) 
samples of common clays (Table 1) from Koutaba (14), Marom (4), Bangourain (6), 




Figure 1: Sampling points located on the geological map of Foumban (after Weecksteen, 1957).  
Table 1: Location of sampling points and sampling depths  
Localities in   Samples  Thickness (m) and color  coordinates  Localization 











2.2-3.2 : fine gray light clay (7.5Y7/2)  









Lower part in 
a  margin  
of Koup  




2.0- 3.4 : fine gray clay with mottled brownish and yellowish 
(5YR4/4)  
4.0-4. 5 : sandy gray clay (5YR4/2)  
4.5-4.0 : green clay (7.5Y4/6)  
N05°35’ 30.0’’ 




0.6 - 1.6 : fine gray brown ((10Y7/4) with mottled yellowish 
(7.5YR7/12)   
1.6-2.2 : fine gray green dark clay (10Y3/4)    







 1.5-1.8 :  fine gray greenish clay (10Y4/6)  
1.8-2.4 : fine gray  greenish clay (10Y5/6)  
2.7-4.0 : fine gray greenish clay (10Y4/6) with dark garnish 
(10Y1/2)   
N05°35’27.9’’ 
E010°43’0.50’’  
Bangourain  BA2a 
BA2b  
0.8-2.6: fine brown clay mottled with yellow (7.5 YR 6/8)  2.6-4.0: 
fine to sandy brown clay (5YR4/8)   
N05°56’17.3’’ 
E010°38’8.90’’  
Margin  of 
Monoun  
river   
KP1a 
KP1b  
0.2-1.8: fine brown clay (5YR4/8) ;  
1.8-3.2: fine gray brown clay (10YR6/2)  
N05°58’24.2’’ 
E010°44’36.8’’  
Lower part of 
landscape   




2.0-3.6 : sandy gray dark (10Y1/2) with mottled white clay (10Y9/4)  
4.2-4.8 : fine sandy gray mottled with green (10Y5/6)  
1.4-2.4 : sandy gray clay ((5YR4/2)  






the bottom of 
hill  
Njindare  NJA1a 
NJA1b  
0.1-2.0: fine gray brown (10YR6/2) clay and sandy brown (10 YR 8/3)    Narrow  
valley   
  2.0-3.2: sandy dark gray (10Y1/2 )     
Njimom  NJR  
NJJ  
  
≈ 1.0: fine purple clay (5YR1/4)  
≈ 2.0: yellow brown sandy clay (7.5YR7/12)  
N05°49’7.63'  
E010°55 9.51  
Lower part of 
landscape   
  
V. 3. EXPERIMENTAL PROCEDURES  
X-Ray diffraction (XRD), Thermogravimetry Analysis (TGA/DTG), X-Ray 
Fluorescence (XRF), scanning electron microscopy (EDX/SEM), and infrared 
spectrometry (IR) 'X-ray diffraction, Thermogravimetry, X-ray Fluorescence, scanning 
electron microscopy, and infrared spectrometry analyses were carried on 250 μm size 
fraction of  the prepared samples after drying at 40°C for 24h. Mineralogical analysis 
were carried out at the laboratory of "Argiles, Géochimie et Environments sédimentaires", 
University of Liege (AGEs, Belgium).  
X-ray diffraction patterns were done with the diffractometer Bruker Advance D8 using a 
CuKα radiation under 40 kV and 30 mA operating conditions. Bulk powder were studied 
following normal procedure of clay analysis as presented in Moore and Reynolds (1997). 
For clay fractions, three patterns were recorded in sequence under natural condition (N), 
after saturation with ethylene-glycol for 22 to 24 h (EG), and heating at 500°C for 4 h 
(H). Mineral identification were processed using EVA software. Semi-quantitative 
mineralogical composition of bulk powder was estimated from the intensity of a 
diagnostic peak multiplied by a corrective factor (Cook et al., 1975; Boski et al., 1998). 
For the clay fraction semiquantitative estimation was based on the height of specific 
reflections, generally measured on EG runs (Biscaye, 1965). Illite content is identified by 
the peak intensity at 10 Å on N, EG and H. Kaolinite is identified by the disappearance 
spacing around 7 Å and 3.50 Å on H. The occurrence of kaolinite is deduced by a peak 
at 7 Å; but when chlorite is present, it is deduced from a double peak around 3.50 Å, due 
to the partial overlapping of the (004) chlorite reflection at 3.54 Å and the (002) kaolinite 
reflection at 3.57 Å under N condition (Moore and Reynolds, 1997). Chlorite is identified 
by the persistence of a peak at 14Å for the (001) reflection on three spectra (N, EG and 
H). Smectite in natural condition appearing at 14 Å and in the glycolated preparation, 
gives a very strong (001) reflection at 16.9 Å (Moore and Reynolds, 1997). After heating, 
the smectite peak collapses at 10 Å.   
Differential Thermo-Gravimetric Analysis (DTGA) were carried out with a SETARAM 
Cahn apparatus, operating under the following conditions: heating rate of 20°C/min, 
sample weight of 40 mg, in an air atmosphere from ambient temperature to 1200 °C. 
Infrared spectra were obtained on Bruker FTIR Spectrometer between 4000 and 400 cm-
1. The spectra were used to access structure and cristallinity of the clay minerals. The 
Scanning Electron Microscopy (SEM) was used to observe their morphology and size; 
the observations were carried out on an ESEM Philips XL-30 device at the University of 
Liege. The images were obtained by a secondary electron detector after metallization with 
gold powder by plasma spraying for an accelerating voltage scan. Geochemical analyses 
of major elements, were carried out by X-ray Fluorescence Spectrometry ARL 
PERFORM-X 4200 with a standard error < 1% on samples dried at 1000 °C. The 
abundance of major elements were compared with the average compositions of the 
regional potential source-rocks of common clays, i.e. Panafrican granitoïds Mekwene-
Njimafofire (Nzina et al., 2010), rhyolite of Mount Mbapit (Wandji et al., 2010), Eocene 
basalts of Bamoun plateau (Moundi et al., 2007), and mylonite at the Nord of Foumban 
(Njonfang et al., 1998; Njoya et al., 2006).  
V. 4. RESULTS  
V. 4. 1. Spatial distribution of common clay materials   
In Koutaba area (27 km south of Foumban, Figure 1), common clays occur in the upper 
and lower part on the landscape. In the upper part, a thick lateritic cover with a succession 
of differentiated layers is observed on dissymmetric hills. A vertical cross-section from 
the top to the bottom, shows (Fig. 3): a gravelly brechic layer with rock fagments (up to 
1 m); red lateritic locally nodular layer (up to 2 m); yellow whitish transtional (1 m); and 
a white clayey layer with visible quartz and feldspar fragments (4 m) (see Nkalih et al., 
2015).   
In the lower part of the landscape, the common clay materials are widespread in the 
swampy valley along both margins of Nkoup river (Fig. 1). On the left margin, exploitable 
clays exist only as patches associated with fine and sandy clays. These patches present 
three layers made of a dark gray or brown organic soil (~0.2 m), fine gray clayey layer 
(0.3-1.7 m), and sandy gray clayey layer. Along the right bank margin, clay deposits 
outcrop in nearly horizontal layers. A detailed field description reveals heterogeneous 
clay profiles with several clayey or sandy layers of different colours. Two main profiles 
are described in Fig. 2: a gray profile and a gray mottled brown. The gray profiles show 
five layers: an upper organic soil (~0.3m); three intermediate layers made up of gray 
clayey mottled layer (0.5-1.7 m); a dark gray layer (~1.0 m); gray clayey mottled layer 
(0.2-0.4 m); and a lower gray clayey sand (> 0.3 m). The gray mottled profiles show eight 
layers: organic soil (~ 0.30 m); gray brownish clayey layer (0.4-1.3 m); green clayey layer 
(~0.3 m); greenish gray clayey layer (1.3-1.8 m); sandy greenish layer (0.3m); sandy gray 
greenish clayey layer (0.4-1.5 m); sandy gray clayey layer (~0.5 m); and greenish gray 
clayey layer (~0.30). The thickness of mineable clays ranges from 2 to 6 m.  
  At Bangourain (~30 km at North West of Foumban, Fig. 1), the common clays outcrop 
in the lower part in the landscape along both margins of the Monoun river, and in a small 
valley at Koutoupi (Fig. 1). These two clays are similar in terms of organization. A 
representative vertical cross section (Fig. 2) shows mainly a dark brown clayey material. 
The profile (2-5 m) is organized in three units: an organic soil layer (~20 m); an upper 
brown sandy clayey layer (1.20-3.0 m); and a lower brown or gray clayey layer (0.0-2.0 
m).   
     For Marom (5 km Est Foumban) and Njindare (2 km Nord of Foumban) (Fig. 1), the 
watershed landscape consists of a succession of hills containing some residual clay 
separated by small and narrow valleys with eroded or gullied bell-shaped bottoms. At 
Marom, the soils exposed on the interfluves (~ 5 m thick) are layered: an upper sandy 
brown clayey layer (1 to 3  
m) and a lower dark gray clayey layer (≤ 2 m), with local variation (Fig. 2). At Njindare, 
the survey provides 2 profiles: a dark gray clay profile in the foothill and, a gray-brown 
clay profile in narrow valley. Dark gray clay is made by three layers: an organic soil layer 
(0.3 m); a fine dark gray clayey layer (1.0 m); and a sandy dark gray clayey layer (>0.40 
m). The gray brown clay profile shows the same structure but the intermediate layer is 
replaced by fine gray brown clay.      
    At Njimom (18 km north of Foumban, Fig. 1) clays are found at the upper slope on 
interfluve at an altitude of 1240 ± 8 m. The whole soil section of the interfluve covers 
~60.000 m2 (2000 x 30 m) and shows 4 successive layers. From the top to bottom, they 
include: i) an organic brown layer; ii) a sandy pale brown reddish clayey layer; iii) 
homogeneous clayey layer reddish in color with locally greyish, brownish and purplish 
varieties; homogeneous fine and sandy weathering horizon brownish with locally whitish 
and yellowish varieties. The organization of clays in the interfluve varies with the 
morphology of hill with the highest thickness of each layer observed at the top of the hill.  
 
Figure 2: Vertical cross section of clayey hydromorphic materials: I= Koutaba gray profile; II= 
Koutaba gray brown profile; III = Bangourain profile; IV= Marom profile (a, sandy brown clayey 
layer; b, gray clayey layer); V = Njindare. A= organic soil layer; B = gray clayey mottled layer; 
C = dark gray clayey layer; D = gray-brown clayey layer; E= green clayey layer; F= gray green 
clay; G= gray clayey layer; H= fine to average sandy clayey layer; I= sandy layer.   
  
V. 4. 2. Mineralogical characterization of the common clays   
On the XRD patterns of common clays (Fig. 3) kaolinite is the main mineral except at 
Marom (Table 2). The non-clay minerals present are quartz, K-feldspar, plagioclase, 
gibbsite, goethite, rutile and hematite. The proportion of the different minerals varies from 
one area to another and also within the same area. The abundance of clay minerals is high 
at Njimom (82-85%), Bangourain (47-84%), Njindare (73-80%) and specially in Koutaba 
samples (70-95%), and less abundant at Marom (22-50%). Quartz is the most common 
non-clay mineral with low (<10%) to moderate (21-44%) abundance at Njimom and 
Marom. K-feldspars and plagioclase are abundant at Marom, some Njindare (NJAb) and 
in 2 samples of Koutaba (15-27% and 23-26 % respectively). Gibbsite, goethite, rutile 
and hematite are generally present in small quantities (< 5 %).   
For the clay < 2 microns fraction, kaolinite (25-84%) and illite (0-18%) are ubiquitous in 
all the studied samples. Marom and Njindare samples are especially rich in illite (8-18% 
and 1117% respectively). Smectite is present in most Koubaba clays (3-31%); but in trace 
at Marom and Njimom, (~5%, Fig.3). The increase of the basal interlayer spacing from 
14 Å to 16.66 Å after EG treatment is characteristic of smectite (KG3e). High smectite 
concentrations are observed in gray green clays or in gray green sandy clays. Note that a 
significant amount of quartz was still detected in the clay fraction in Marom samples.   
Fig. 4 illustrates the morphology of fine gray green clay (KG3c), fine purple gray clay 
(NJR) and fine brown clay (KB3f) as observed by SEM. Kaolinite presents pseudo-
hexagonal, irregular particles (Fig. 4 b and 4c), probably reflecting a poor cristallinity 
(Carty, 1999).   
Infrared Spectroscopy spectra (Fig. 5) display a characteristic band of kaolinite - rich 
clays. In Koutaba (KG3e), Bangourain (BA2a) and Njimom (NJR) samples, most of the 
bands around 3694, 3664, 3650, 3620, 1066 and 918 cm-1 are attributed to the presence 
of the hydroxyl group (Fialips et al., 1999). The absence of a lower band at 3667 cm-1 
and 3652 cm-1 in KG3e and BA2a indicates disorderly or poorly crystallized kaolinite, 
further confirmed by the absence of Al2OH bending bands at 938 cm
-1 (Cases et al., 
1982). The bands at 3523 cm-1 and 3436 cm-1 are related to the presence of smectite in 
KG3e. In addition FTIR analyses revealed the presence of impurities. The pair around 
2925 (2918) and 2855 (2851) cm-1 corresponds to the C–H stretching vibrations of some 
organic contribution. The presence of quartz in all samples is confirmed by Si–O 
symmetrical stretching vibrations at around 749 and 795 cm-1. The wide band of low 
absorption observed around 1626 cm−1 is attributed to the presence of water molecules or 
possibly others radicals such as amorphous constituents of aluminosilicates.  
    
 
ethylene glycol; (H)= heat-treated at 500°c. KO- Koutaba(KG3e);  BA- Bangourain (BA2a) 
MAMarom (MA3b) ; NJa- Njindare  (NJAC); NJi-Njimom; K = Kaolinite ; Q = Quartz ; Fp = 







Figure 3: XRD patterns of: Bulk powder (a); clay fraction KG3e (b). N =  untreated;   ( EG )  =  solvated by  
Table 2: Mineralogical composition of Foumban common clays (wt. %) by the method using a 
corrective factor.  
Sample Kaolinite Illite    Smectite Chlorite Quartz Feldspars Plagioclase  Goethite  Hematite Rutile 
Koutaba clays (S1)          
KB3f       36 13 22 8 21 - - - - 2 
KB3c 25   5   5 - 37 5 23 - - - 
KF5c 79 -   7 - 14 - - - - - 
KF5d 60   9 3 6 17 5 - - - - 
KF5a 39 15 0 3 27 15 - - - - 
KG2f 51 4 4 - 39 - - 1 - - 
KG2c 70 5 20 3 2 - - - - - 
KG2b 84 - - - 5 2 5 2 2  
KC4f 72 2 10 - 21 5 - - - - 
KC4d 84 - 11 - 5 - - - - - 
KC4b 84 - - - 5 2 5 2 2 - 
KG3e 61 -4 31- - 11 3 - - - - 
KG3c 62 3 23 - 12 - - - - - 
KG3d 59 2 17 -     21 - - - - 1 
Bangourain clays (S2)         
BA2a 64 4 - - 18 8 - 2 - - 
BA2b 63 8 - 5 15 6 - 3 - - 
KP11 49 4 - 7 30 6 4 - - - 
KP12 46 5 - 8 36 5 - - - - 
Marom clays (S3)          
MA1e 13 7 2 - 23 19 26 9 - - 
MA3c 33 15 2 - 32 15 3 - - - 
MA3b 27 18 2 - 21 27 5 - - - 
MA2d 16 8 2 - 44 26 4 - - - 
Njindare clays (S4)          
NYAb 63. 17 - - 20 - - - - - 
NYAc 52 11 - - 30 7 - - - - 
Njimom clays (S5)          
NJJ 71 14 - - 9 2 - 4 - - 
















Common Clay (NJR); b and c = Pseudomorpho-hexagognal kaolinite from Koutaba Common 
Clay (KG3c and KB3f); K= Kaolinite; I= Illite; S= Smectite; Q= Quartz; F= Feldspars.  
    
  
  
Figure 4: SEM micrographs for four clay samples: a -  pseudohexagonal kaolinite from Njimom  
( a )  ( b )   
K   
Q  
( c )   
S   
  
Figure 5: FTIR spectra of Koutaba (KG3e) Bangourain (BA2a) and Njimom (NJR) studied 
samples: (a) = Complete spectrum, (b) = 3800-3400 cm-1 Region, (c) = 500-1200 Region cm-1.  
  
  
Two significant weight loss on TGA curves are characteristic of kaolinite-rich clays (Fig. 
6). The first weight below 100 °C (78 °C, 1-3 %) is due to the loss of adsorbed water. The 
second one between 486 and 500 °C corresponds to clay dehydroxylation (5-10 %). This 
second mass loss usually corresponds to the fraction of kaolinite reacting during firing 
(Christidis, 2011). The minor weight loss (1-3%) between 226 and 266° C could be 
attributed to the presence of organic matter, goethite and/or gibbsite (Mackenzie, 1957), 
all identified by XRD. These observations were confirmed in derivative curves (DTG) 
with two main endothermic peaks at temperature range of 104-115 °C and 486-500 °C 
respectively. The first endothermic peak corresponds to the dehydration of water and is 
attributed to the presence of smectite in some samples. The second reaction corresponds 





  Figure 6: TG/DTG Curves for clays samples from Koutaba (a) and (b) Bangourain.   
V. 4. 3. Geochemistry of common clay materials    
Table 3 shows the major chemical composition of 26 clay samples. The most abundant 
oxides are SiO2 (45-71%), Al2O3 (14-31%) and Fe2O3 (1-12%); TiO2, MnO MgO, CaO, 
K2O, Na2O, and P2O5 are generally very low. Some Bangouren samples are characterized 
by high iron content (> 8%). The relatively high amounts of K2O (2-6%) reflect the 
significative presence of K-feldspars and illite in Marom and some Njindare samples. 
Some Koutaba, Bangouren and Njimom samples present high amount of Al2O3> 22% in 
agreement with their kaolinite content. The low SiO2/Al2O3 ratio in Koutaba, Bangourain 
and Njimom clay samples (~2) confirms the high kaolinite abundance. In contrast the 
high ratio in Marom and Njindare samples (3 to 5) is rather controlled by the quartz 
content. According to Liga et al. (1997), all studied common clays are Ball clays. The 
Loss Of Ignition (LOI) ranging from 3 to 9% in Marom and some Njindare clays and >10 
% in others areas is associated to the structural water of clay minerals, as confirmed by 
thermal analysis and DRX. The relative high LOI in some samples (table 4) could also 
accounts for the presence of volatile organic components or smectite (KG3e and KG3c).   
The Chemical Index of Alteration (Nesbitt and Young, 1982) ranges from 80 to 100 (table 
3) except for MA2d and MA1e in Marom clays (63 and 70 respectively). CIA of 
unweathered rocks are generally about 50, whereas intensely weathered rocks may reach 
100. The measured high CIA values for Foumban clays reflect a large amount of 
aluminous clay minerals (such as kaolinite) formed during intensive chemical weathering 











Table 3: Chemical composition of the Foumban common clays (wt. %).  
Sample  SiO2   TiO2   Al2O3   Fe2O3   MnO   MgO   CaO   Na2O   K2O   P2O5   SO3   LOI   S/A   CIA   
Koutaba clays  (S1)                             
KB3f  58.20   2.59   17.93   8.82   0.02   0.22   0.16   0.06   1.20   0.15   0.00   9.47   3.25   92.69   
KB3c  70.17   1.80   15.97   1.55   0.01   0.12   0.09   0.06   1.39   0.06   0.00   6.92   4.39   91.20   
KF5c  52.27   2.10   25.97   2.65   0.01   0.28   0.16   0.12   0.57   0.16   0.00   14.16   2.01   96.82   
KF5d  50.52   2.39   27.80   2.91   0.02   0.31   0.16   0.07   0.70   0.14   0.00   13.72   1.82   96.74   
KF5a  57.35   2.59   22.53   2.65   0.03   0.27   0.09   0.04   1.13   0.14   0.00   11.67   2.55   94.67   
KG2f  60.42   1.76   20.96   3.73   0.01   0.38   0.29   0.04   0.81   0.11   0.00   10.23   2.88   94.84   
KG2c  58.87   1.33   19.22   4.03   0.01   0.62   0.62   0.14   0.97   0.06   0.00   12.95   3.06   91.74   
KG2b  62.20   0.88   15.69   4.51   0.02   0.48   0.59   0.13   0.46   0.03   0.00   14.40   3.97   92.95   
KC4f  47.73   1.20   26.86   3.50   0.01   0.39   0.45   0.10   0.43   0.16   0.00   17.84   1.78   96.49   
KC4d  45.05   1.44   30.79   4.79   0.02   0.48   0.28   0.05   0.26   0.06   0.00   15.52   1.46   98.15   
KC4b  46.16   1.39   30.65   3.69   0.02   0.40   0.22   0.02   0.28   0.07   0.00   16.07   1.51   98.31   
KG3e  48.85   1.47   23.50   4.64   0.02   0.68   0.46   0.10   0.82   0.13   0.00   18.28   2.08   94.47   
KG3c  49.12   1.67   25.77   5.21   0.02   0.66   0.51   0.09   0.72   0.08   0.00   15.25   1.91   95.12   
            KG3d 
Bangourain cla 
58.16  
y (S2)   
1.19   18.91   
  
4.72   
  
0.02   
  
0.74   
  
0.57   
  
0.18   
  
0.64   
  
0.08   
  
0.00   
  
14.66   
  
3.08   
  
93.15   
  
BA2a  45.25   2.07   28.65   7.35   0.03   0.31   0.19   0.04   0.69   0.14   0.00   14.51   1.58   96.91   
BA2b  47.25   2.54   22.97   10.88   0.05   0.36   0.23   0.09   1.02   0.36   0.00   13.62   2.06   94.51   
KP11  56.23   1.30   23.38   3.80   0.03   0.31   0.18   0.11   1.30   0.18   0.00   12.61   2.40   93.64   
             KP12  
Marom clays (S 
58.83  
3)   
1.39   
  
22.64   
  
2.56   
  
0.01   
  
0.19   
  
0.15   
  
0.06   
  
0.92   
  
0.12   
  
0.00   
  
11.71   
  
2.60   
  
95.23   
  
MA1e  71.07   0.64   14.49   1.54   0.01   0.30   0.62   1.51   6.10   0.04   0.00   2.77   4.91   63.80   
MA3c  62.46   1.18   17.85   4.83   0.02   0.32   0.18   0.24   4.32   0.06   0.00   7.59   3.50   79.01   
MA3b  59.89   1.54   19.92   4.11   0.01   0.49   0.34   0.47   3.94   0.05   0.00   8.19   3.01   80.75   
          MA2d  
Njindare clays 
68.91   
 (S4)   
1.12   
  
15.71   
  
1.58   
  
0.01   
  
0.21   
  
0.55   
  
1.11   
  
5.01   
  
0.06   
  
0.00   
  
5.18   
  
4.39   
  
70.16   
  
          NYAb        63.19   1.28   19.18   3.81   0.01   0.19   0.08   0.09   2.42   0.09   0.00   8.92   3.29   88.11   
        NYAc        43.10   
Njimom clays (S5)   
1.28   
  
29.16   
  
7.52   
  
0.02   
  
0.03   
  
0.04   
  
0.00   
  
0.25   
  
0.09   
  
0.00   
  
16.48   
  
1.48   
  
97.94   
  
        NJJ  40.63   1.42   32.46   8.52   0.02   0.52   0.05   0.00   0.85   0.25   0.00   14.43   1.25   97.30   





V. 5. DISCUSSION   
The appropriated raw material composition for ceramic products requires the knowledge 
of the chemical and mineralogical properties of the clayey materials used. These 
properties depend on the origin of clay (hydrothermal, residual or alluvial), the nature of 
the parent rocks, topography, and climate conditions.   
V. 5. 1. Source of the parent rocks and weathering stage   
Fig.7 presents the results of a Principal Component Analyses (PCA) on the major element 
data of Foumban common clays. The two factors F1 and F2 describe 47. 6% and 19.6% 
of the total variance, respectively. High positive F1 correlation indicates high amount of 
TiO2, Al2O3, Fe2O3, MnO, MgO and P2O5. This could be due to the high proportion of 
clays minerals, rutile, Fe and eventually Mn oxides. The negative scores F1 of SiO2 and 
K2O may be due to a relative high abundance of quartz, K-feldspar, and plagioclase. The 
positive F2 correlation between MgO and CaO probably reflects the abundance of 
smectite. The projection diagram F1–F2 shows three separate fields corresponding to the 
3 mentioned geochemical groups. Based on PCA analyses, two groups of common clays 
are identified. The first group, with SiO2, Na2O, K2O, derives from felsic minerals (quartz, 
feldspar) through the weathering of granite or rhyolite. All the Foumban common clays, 
except some of Njimom and Koutaba, derives from the weathering of those rocks. Note 
that the proportion of kaolinite and quartz agrees with the occurrence of acidic rocks in 
the surrounding environment (Velde and Meunier, 2008). The second group, with Fe2O3 
and MnO, could be related to mafic rocks like basalts; some Koutaba and Njimom clays 
derive from these mafic rocks. TiO2/Al2O3 binary diagram proposed by Ekosse et al. 
(2001) is useful to identify precursor rocks of Foumban common clays (Fig. 8). Such a 
diagram confirms PCA results and indicates strong acidic (rhyolitic/granitic) affinities, 
with possibly minor basaltic admixtures. The abundance of major elements were 
compared with the average compositions of the regional potential source-rocks of 
common clays, i.e. Panafrican granitoïds Mekwene-Njimafofire (Nzina et al., 2010) close 
to Njindare, rhyolite of Mount Mbapit (Wandji et al., 2010) and Eocene basalts of 
Bamoun plateau (Moundi et al., 2007) near Koutaba, mylonite at the North of Foumban 
around Njimom (Njonfang et al., 1998; Njoya et al., 2006). Granitic and basaltic source 
rocks are easily and rapidly weathered to clays minerals and quartz under high rainfall on 
gentle slopes with a fluctuating water table and rapid water percolation (Murray and 
Keller, 1993). Kaolinite clays could have been chemically weathered from primary 
minerals, feldspars in particular. Kaolinite clays are further transported either to   
  
Figure 7: Principal component analysis (PCA) diagram of the geochemical data (10 major 
elements), each sample being projected in the F1–F2 plan.  
  
Figure 8: Position of studied samples on TiO2/Al2O3 binary diagram (after Ekosse et al., 2001).  
  
the river margins of Nkoup and Monoun for Koutaba and Bangourain, respectivelly, or 
at the bottom of hill at Njindare and Marom where significant amounts are accumulated. 
Smectite certainly comes either from the chemical weathering of basalts or are neoformed 
in low drained environment. Illite comes from the transformation by aggradation of 
muscovite and chlorite derived from physical weathering of biotite (Reeves et al., 2006). 
The relative high proportion of K-feldspars and plagioclase at Marom, some Njindare and 
Koutaba clays attest for the sediment immaturity due to relatively moderate weathering 
(Dominguez et al., 2008). The relatively low CIA values confirm slight weathering of 
sediments and their potential source rocks. Depending on their location in the landscape 
and distribution, the Koutaba, Bangourain, Njindare and Marom common clays can be 
considered as hydromorphic (secondary) clays. They are usually located in the lower part 
of the valley or at the foothills and appear heterogeneous in colors, texture and thickness 
(Ngon Ngon et al., 2009). As an exception, the Njimom common clays outcroping in the 
upper part of the slope are residual primary clays resulting from the weathering of 
Panafrican granit-gneiss basement. These clays are widespread and appear homogeneous 
despite the variation of their thickness according to the geomorphology.   
  
V. 5. 2. Suitability for ceramic product  
 
The mineralogical and chemical composition of the common clays used in the ceramic 
industry varies. The mineralogical association of Foumban clays mainly represented by 
kaolinite, illite and quartz is suitable for ceramic application. In ceramic building 
materials, kaolinite would provide good strength, plasticity and refractoriness (increase); 
however, vitrification can be difficult (Reeves et al., 2011). Illite may promote the glassy 
phase responsible for the densification of the final product while quartz prevents cracking, 
shrinking and warping and also provides uniform shape to final product (Rajput, 2004). 
The presence of a relatively high amount of smectite content (>5%) limits the application 
of some Koutaba clays as samples for ceramic building materials. Those clays could be 
rather applied in other industries (comestic, pharmacy, pollution, food) after appropriated 
beneficiation. In the ternary diagram of Fiori et al. (1989) Foumban clays are distributed 
in two domains (Fig. 9): the average quartz-rich field (Marom and some Koutaba 
samples) and the clay-rich field (most samples from Koutaba, Bangourain, Njindare and 
Njimom samples). The clay-rich materials are classified as “plastic” body clays (Fiori et 
al., 1989).  
  
  
minerals for the Foumban common clays, after Fiori et al. (1989).  
  
 
Figure 10: Ternary diagram of Foumban common clays: SiO2/Al2O3/other oxides. a= red 
stoneware (Italy); b, b’, b”= white stoneware for German, English, and French industries, 
respectively (data are from Fabbri and Fiori, 1985).  
Figure 9: Ternary diagram: quartz/carbonates+Fe - oxides+accessories+feldspars/clay  
  
Table 4 shows the chemical composition of studied samples compared with the 
composition range of clay materials used in fired bricks and tiles in France and Italy 
(Kornmann and "Ingénieurs du Centre Technique des Tuiles et Briques", 2005). The 
chemical composition of studied clays are in the range limits for French bricks and tiles. 
However, the proportion of SiO2 in some Marom and Koutaba clays are too high for 
Italian bricks. Likely, the Al2O3 content in Njimom, some Koutaba and Bangourain clays 
up to 20 % could not be ranged. The composition of Njimom clays and some Koutaba 
clays is close to those used for sanitary ware and silicoalumino refractories ceramic. They 
could be used after some beneficiation (Murray and Keller, 1993) by removing TiO2 and 
Fe2O3. The relatively high iron content of most studied clays (>1%) suggests light to red 
color of fired product. The contents of alkaline and alkaline oxides are responsible for the 
fusibility and therefore the ability to provide sufficient porosity, permeability and 
mechanical strength. Figure 10 compares the bulk major element composition of 
Foumban common clays with those used for red stoneware in Italy, white stoneware for 
German, English, and French industries as given in the ternary diagram Silica–Alumina–
Other oxides proposed by Fabbri and Fiori (1985). In this diagram, all clays lay out off 
the red stoneware field. Most studied clays fall into the white body field. As an exception 
to Marom clays, some Koutaba and Bangourain clays present a very low silica content in 
comparison with the optimal value for any white body product (i.e., 72 wt. % - Fiori et 
al., 1989). Those samples require an addition of silica for white body application.  
  Table 4: Chemical composition ranges (%) of Foumban common clays compared with chemical 
composition of other standard clays  
Sample Koutaba 
clays  
SiO2  TiO2  Al2O3  Fe2O3  MnO  MgO  CaO  Na2O  K2O  P2O5  SO3  LOI  
(n=14)  
Bangourain clays  
45-70  1- 3  15-31  2-9  0.01-.003  0.2-0.8  0.1-0.6  0.1-0.2  0.3-1.4  0.1-0.2  0  7-18  
(n=4)  
Marom clays  
45-58  1-2  22-29  3-11  0.01-0.05  0.2-0.4  0.1-0.2  0.0-0.1  0.7-1.3  0.1-.04  0  12-15  
(n=4)  
Njindare clays  
59-71  1-2  14-20  1-5  0.01-0.02  0.2-0.5  0.2-0.6  0.2-1.6  4-6  0.0-0.1  0  2-8  
(n=2)  
Njimom clays  
43-63  1-2  19-29  3-8  0.01-0.02  0.0-0.2  0.0-0.1  0.0-0.1  0.3-2.4  0.0-0.1  0  8-16  
(n=2)  40-41  1-4  30-33  4-9  0.02  0.3-0.5  0.1  0.0  0.1-0.8  0.1-0.3  0  14  
Fireclays(1)   56.30  1.6  25.50  3.19  -  0.30  0.74  0.11  2.1  -  -  9.8  
Ball clay (2)  67.00  1.4  22.00  0.90  -  0.30  0.10  0.30  2.20  -  -  5.8  
Italy clays(3)  42-63  0.6-1  11-21  4-7.5  -  0.7-3.9  0.2-16  0.7-1.2  1-3.6  0.2  -  6-19  
French clays (4)  35-80  0.3-2  8-30  2-10  0-5  -  0.5-18  0.1-1.5  0.1-4  -  0-4  3-18  
n=number of samples; 1= Etruria Marl Staffordshire (Ridgeway, 1982); 2= Ball clay (Group 4 Devon;Watts 
Blake Bearne technical literature); 3=Composition range for the raw materials of fired bricks and tiles in 
France (Kormann et Ingénieurs du Centre Technique des Tuiles et Briques, 2005); 4= Composition range 
for the raw materials of fired bricks in Italy (Kormann et Ingénieurs du Centre Technique des Tuiles et 
Briques, 2005).  
V. 6. CONCLUSION   
The mineralogical and geochemical composition of clayey material from five localities 
(Koutaba, Marom, Njindare, Njimom and Bangourain) in the Foumban area have been 
determined in order to identify their potential source rocks and suitability for ceramic 
building material. The main conclusions are:  
1) Most Foumban and vicinity clays are hydromorphic secondary clays coming 
from weathering, transport and accumulation of materials at the lower part of the landscape.  
2) Kaolinite dominates their clay < 2 microns mineralogical content. Marom and 
Njindare clays are rich in illite whereas some Marom and Koutaba clays also contain smectite. 
Quartz is the main non-clay mineral associated with K-feldspars, plagioclase and rutile.   
3) Felsic rocks are identified by PCA analyses as the main parent rocks for clays 
from Foumban.   
4) Based on their mineralogical and geochemical characters, Foumban common 
clays are suitable for ceramic products. However some Bangourain clays with high Fe2O3 
contents (>11%wt) require treatment. In Marom clays, the proportion of alkali elements (K2O 
+ Na2O) and earth element (6-9%) would enable lower firing temperature. According to Al2O3 
contents, clays with more than 25wt% could be applied to the refractory fire clays after some 
beneficiation.   
      For the optimal industrial valorization, further systematic testing of the Foumban 
common clays would be carried out to determine their physical and technological 
properties. Considering their distribution and variability, exploration and detailed 
investigation of Koutaba and Bangourain common clays are going on.   
 
